Summary. Kinetic studies were performed to evaluate the interaction of benzamidine (BD), 4-aminobenzamidine 
Introduction
It is well established that certain synthetic and naturally occurring proteinase inhibitors which inhibit the sperm enzyme acrosin (EC 3.4.21.10) , prevent fertilization in vitro and in rivo (for review see Zaneveld, 1976 ; articles published since then include Greenslade, Hahn & Homm. 1977; Wolf, 1977; Bhattacharyya, Goodpasture & Zaneveld, 1979;  Joyce, Freund & Peterson. 1979; Zaneveld, Beyler, Kim & Bhattacharyya, 1979) . These findings imply that acrosin is essential for the fertilization process. However, this interpretation has been criticized because of the lack of specificity of the inhibitors and the possibility that these compounds somehow interfere with sperm function in a non-enzymic manner (Morton, 1976 (Morton, , 1977 Bedford & Cross. 1978) . Therefore, the following experiments were designed to investigate in more detail whether the antifertility effect of proteinase inhibitors is indeed obtained by inhibition of acrosin. Additionally, it was desirable to determine whether an in-vitro fertilization system could be used to measure the relative antifertility potency of enzyme inhibitors.
The mouse in-vitro fertilization system was selected for this study because earlier experiments had indicated its potential usefulness. Two different types of inhibitors were employed: benzamidine (BD) and aminobenzamidine (ABD), and 4'-nitrophenyl 4-guanidinobenzoate (NPGB) and 4'-methylumbelliferyl 4-guanidinobenzoate (MUGB). BD and ABD inhibit acrosin in a reversible fashion by obstructing its active site; whereas NPGB and MUGB bind pseudo-irreversibly with acrosin through complex formation with the active site serine residue.
Materials and Methods

Materials
Benzamidine, 4-aminobenzamidine, and (Bhattacharyya et al., 1979) . The pH was then adjusted again to 3-0 with HC1.
Acrosin was further purified and separated from the acrosin inhibitor that is naturally associated with mouse spermatozoa (Bhattacharyya et al., 1979) by chromatography of the extract on a Sephadex G-100 superfine column which was equilibrated and eluted with 1 mM-HCl containing 0-5 M-NaCl. Before loading onto the column, the extract was concentrated to a volume of 0-5 ml by sartorius collodion bag ultrafiltration. The volume of the column was 22 ml. A single peak of acrosin activity was obtained that was free of inhibitor. Due to the small amounts of material, further purification was not possible.
Acrosin inhibition studies
Mouse acrosin activity was assayed spectrophotometrically by following the hydrolysis of a-/\f-benzoyl-L-arginine ethyl ester (BAEE) at 253 nm (Schwert & Takenaka, 1955 Benzamidine and aminobenzamidine were initially dissolved in culture medium at a concentration of 10 mM with final concentrations ranging from 1 to 500 mM. NPGB and MUGB required initial dissolution with 100% DMSO at a concentration of 10 mM. These stock solutions were subsequently diluted with culture medium such that the final concentrations of these inhibitors ranged from 1 to 5000 nM. As controls, the capacitated spermatozoa were incubated with culture medium only (in the case of benzamidine and aminobenzamidine) or with culture medium containing the same amounts of DMSO as the inhibitor solutions (NPGB and MUGB). The final DMSO concentrations were always <0-l%. Before starting the fertilization experiments, the effect of the inhibitor and control solutions upon sperm motility was assessed to ensure that no concentration was used that decreased the motility of the spermatozoa.
After a 15-min preincubation of capacitated spermatozoa with a given concentration of inhibitor, 0-01 ml aliquote of the sperm suspension were added to 0-09 ml medium containing oocytes. Since spermatozoa undergo certain changes as they approach and pass through the investments of the ovum, it was important to keep this concentration of the inhibitors the same throughout the fertilization process. Additionally, benzamidine and aminobenzamidine are reversible inhibitors and probably dissociate from the spermatozoa (and acrosin) during washing or dilution. For these reasons, just before adding the capacitated, inhibitor-treated spermatozoa to the oocytes in the microdish, the same concentration of inhibitor was added to the oocytes to compensate for dilution of the inhibitors at insemination. Control experiments were always performed simultaneously. The microdishes were then incubated at 37°C in 5% C02 and 100% relative humidity for 24-26 h. Oocytes were collected with finely drawn glass micropipettes, washed with medium, mounted on slides, fixed with 0-25% glutaraldehyde followed by pH 7 buffered formalin, washed with 90% ethanol, and stained with aceto-lacmoid (Toyoda & Chang, 1974) . The stained ova were examined by phase-contrast microscopy for evidence of sperm penetration and cleavage. The criteria for fertilization were the presence of a swollen (decondensing) sperm head, 2 pronuclei in 1 cell ova, or normal cleavage. Dose response curves, generated for the effect of acrosin inhibitors on in-vitro fertilization, were subjected to linear regression analysis. (Bhattacharyya et al, 1979) . Additionally, throughout these experiments, the cleavage rate, i.e., the percentage of fertilized eggs that became two-celled embryos remained approximately the same (averaging 43-8% of the total fertilized ova) for both control and inhibitor treated groups, even though the fertilization rates for the latter were reduced. Thus, at the concentrations used, the inhibitors had no effect on the cleavage of the zygotes. (Bhattacharyya et al, 1979) , the acrosin inhibitory activity of agents and their antifertility potency have not been compared before in detail in the same species.
The two different classes of proteinase inhibitors showed linear dose-response curves of antifertility effects with increasing concentrations of the inhibitors. The decrease in fertilization was not due to cytotoxicity because the compounds had no apparent effects on sperm motility or on ovum cleavage. These data show that the inhibitors specifically affect one or more components essential for sperm penetration into the egg. The dose response is probably the result of sperm populations which had their fertilizing component(s) sufficiently inhibited such that the number of fertile spermatozoa gradually decreased.
Because different test systems are necessary to determine the inhibitory activity of the agents towards mouse acrosin and towards fertilization, absolute comparisons of the relative activity of the inhibitors in both systems are difficult to make. However, the results obtained showed a remarkable similarity of activity of the agents in both systems. The (Lui & Meizel, 1979) , (2) the penetration of the zona pellucida (Stambaugh, Brackett & Mastroianni, 1969) and/or the vitelline membrane (Wolf, 1977) , and (3) the binding of spermatozoa to the zona pellucida (Saling, 1982) . Any one of these processes can be inhibited by the proteinase inhibitors.
Significant differences appear to exist among species with regard to the interaction of acrosin with substrates or inhibitors. It 
